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Abstract. The magnetic moments of the negative parity octet resonances with spin 12 : N
∗(1535), N∗(1650), Σ ∗(1620),
and Ξ ∗(1690) have been calculated within the framework of the chiral constituent quark model. In this approach,
the presence of the polarized qq¯ pairs (or the meson cloud, in other words) is considered by using the Lagrangian
for Goldstone boson emission from the constituent quarks. Further, the explicit contributions coming from the spin
and orbital angular momentum, including the effects of the configurations mixing between the states with different
spins, are obtained. The motivation for these calculations comes from the recent interest in experimental measurement
of the magnetic moment of the S11(1535) resonance and of similar calculations being done within lattice quantum
chromodynamics approaches. Our results can be compared with those expected to come from these sources.
PACS. 12.39.Fe Chiral Lagrangians – 13.40.Em Electric and magnetic moments – 14.20.Gk Baryon resonances
1 Introduction
Scrutinizing the structure and the properties of light hadrons
is a key to understanding the mechanism of the strong inter-
actions at low energies. The very feature of the confinement
of the theory of the strong interactions makes it difficult to ac-
cess the underlying physics at the low and intermediate ener-
gies. However, continuous efforts are being made to investi-
gate this energy region and a lot of important information is
being made available through theoretical and experimental in-
vestigations. Studies of hadrons within constituent quark mod-
els have played a very important role in some crucial discov-
eries like those of the color quantum number and the charm
flavor of the quarks. This model was later used to determine
the masses of the excited states in the baryon spectrum by re-
placing each quark by a harmonic oscillator [1–4]. The na¨ive
quark model has been further extended by implementing the
chiral symmetry and its spontaneous breaking to it [5], giving
rise to the chiral constituent quark model (χCQM), which as a
result includes the important phenomenon of quark-antiquark
excitations, in other words the presence of the meson cloud at
low energies. This perspective is in common with the modern
effective field theory approaches used to study the baryon res-
onances [6–14].
The χCQM, which facilitates the calculations of hadron
properties from a theory based on the symmetries of the quan-
tum chromodynamics (QCD), successfully explains the “Pro-
ton spin crisis” and other related properties [15–29]. Later, the
octet and decuplet baryon magnetic moments were calculated
by incorporating the sea quark polarizations and their orbital
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angular momentum contribution through the generalized Cheng-
Li mechanism [30–32]. Recently, the model has been used to
study the charm sector too [33]. Apart from studying the static
properties of the ground state baryons, the χCQM has also been
found useful to obtain the D/F ratio for the axial vector cou-
pling constants, radiative decays, etc..
Considering the success of the χCQM in studying ground
state baryons, it is natural to extend this model to investigate the
properties of the excited baryons. In fact the quark model and
χCQM have already been used to study the magnetic moments
[34, 35], radiative decays [36] and dynamical properties [37]
of some baryon resonances, and a reasonable agreement with
the experimental data, where it exists, has been found. In this
work, we use this model to investigate the magnetic moments
of the low-lying, spin-parity JP = 12
−
octet resonances.
The present work is partly motivated by the interest in the
experimental studies of the magnetic moment of the N∗ planned
at the Mainz Microtron (MAMI) facility [38–40], by the pre-
liminary calculations done with lattice QCD [41] and partly by
the other calculations of the same done within very different
theoretical models [6–8]. Our present work assumes that the
basic properties of the baryon resonances can be explained in
terms of three valence quarks surrounded by the meson cloud.
However, baryon resonances could possess a different struc-
ture, for instance, some of them have been claimed to be mul-
tiquark states [42], others as dynamically generated ones [6–
8, 43–49], yet others as hybrids [50–52], etc. Eventually, the
claimed nature of these states can be verified by comparing the
model calculations of observables with the experimental data.
One of the observables useful for such purposes is the magnetic
moment, which is what we are concerned with here.
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The question now comes if the magnetic moments of all the
baryon resonances studied here can be measured. The number
of experiments planned to obtain these observables are rather
scarce [38–40] as compared to the number of known baryon
resonances [53]. The main obstacle in carrying out such experi-
ments is the considerable widths of excited baryons, which is of
the order of 100 MeV. Due to this the magnetic moments have
to be extracted from the polarization observables of the decay
products of the resonances excited in photo- or pion-induced
reactions, and the procedure finally depends on model calcula-
tions to estimate the background. Nevertheless, recent efforts
put in measuring the magnetic moment of ∆+(1232), through
the γ p → ∆+ → ppi0γ ′ reaction, and the plan to obtain this in-
formation for N∗(1535), by studying the γ p → pηγ ′ process,
at the MAMI facility, the measurements of form factors of res-
onances at the Thomas Jefferson National Accelerator Facility
(JLAB) [54–57], show that the interest in this field is growing.
To do the present calculation, we take the benefit from the
earlier works [1–4] where the spectrum for the negative par-
ity partners of the octet baryons with spin 12 was obtained in
a quark model, by solving a bound state equation treating the
three quarks as harmonic oscillators, considering excitation of
one unit of the orbital angular momentum, and the resulting
states were found to be in good agreement with the known
ones. The starting point of our model is the spectrum found
in Refs. [1–4], which provides the wave functions of the 12
−
baryon resonances needed to calculate the magnetic moments.
From the quark model studies, it is known that the magnetic
moment of the low-lying spin 12
+ baryons receives contribu-
tions not only from the valence quarks, but also from many
other effects, such as the quark sea, the orbital angular mo-
mentum, relativistic effects, the meson cloud effect, etc. [30–
32, 58–64]. In the present work, we will calculate all these con-
tributions for their low-lying spin 12
−
counterparts.
The paper is organized as follows: we first formulate in
detail the magnetic moments of the negative parity N∗ reso-
nances (S+11(1535), S011(1535), S+11(1650), and S011(1650)). In
Sec. 2, the explicit contribution of the spin and orbital angular
momentum of the magnetic moment for the above mentioned
resonances are calculated in the nonrelativistic quark model.
Further, we calculate explicitly the contribution coming from
the valence quarks, and quark sea polarization, including the
Cheng-Li mechanism, for the spin part and the valence and the
sea quarks contribution for the orbital angular momentum part
in the χCQM. The details of these calculations have been pre-
sented in Sec. 3. In Sec. 4 we discuss our numerical results for
all the 12
−
octet baryon resonances and Sec. 5 summarizes our
results.
2 Magnetic moment of baryons in the quark
model
In the nonrelativistic SU(6) constituent quark model (NCQM),
the magnetic moment of the baryon resonances have contribu-
tion coming from both quark spin and orbital angular momen-
tum
µ B = µ SB + µ LB , (1)
with
µ SB = ∑
i
µ si = ∑
i
Qi
mi
si , (2)
µ LB = ∑
i
µ li = ∑
i
Qi
2mi
l i , (3)
where si and li are the spin and orbital angular momentum of
the ith quark and the index i is summed over three quarks.
The orbital angular momentum part vanishes for ground state
baryons on account of the absence of orbital excitation. If |B〉
is the given baryon’s SU(6) spin-flavor wavefunction, then we
have
〈B|µS|B〉 = ∆uµu +∆dµd +∆sµs , (4)
〈B|µL|B〉 = ∆u(1)µu +∆d(1)µd +∆s(1)µs . (5)
Here, µq = eq2Mq (q = u,d,s) is the quark magnetic moment, eq
and Mq are the electric charge and mass of the q quark, respec-
tively. The polarizations corresponding to the spin and orbital
angular momentum, ∆q= q↑−q↓ and ∆q(1) = q(1)−q(−1), can
be calculated as
B̂ ≡ 〈B|N |B〉= 〈B|N ↑↓+N (±1)|B〉. (6)
In Eq. (6), N ↑↓ and N (±1) are the number operators given by
N
↑↓ = nu↑u
↑+ nu↓u
↓+ nd↑d
↑+ nd↓d
↓+ ns↑s
↑+ ns↓s
↓ ,(7)
N
(±1) = nu(1)u
(1)+ nu(−1)u
(−1)+ nd(1)d
(1)+ nd(−1)d
(−1)
+n
s(1)s
(1)+ n
s(−1)s
(−1) , (8)
with nq↑ (nq↓) being the number of quarks with spin up (down)
and nq(1) (nq(−1)) is the number of quarks with the orbital angu-
lar momentum projection mL = 1 (mL =−1).
In this section, we calculate the magnetic moment of the
S11(1535) and S11(1650) nucleon resonances in the framework
of the NCQM and further extend this to the rest of low-lying
negative parity octet baryons. The lowest lying negative par-
ity nucleon resonances are |N2P1/2〉 and |N4P1/2〉, where the
usual spectroscopic notation 2S+1LJ is used to indicate their
total quark spin S = 12 ,
3
2 (2S+ 1 = 2, 4), orbital angular mo-
mentum L = 1 (P-wave), and total angular momentum J = 12
[65]. The spin angular momentum S = 12 couples with the or-
bital angular momentum L = 1 to give the total angular mo-
mentum J = 12 and J =
3
2 . The wavefunctions of the |N2P1/2〉
and |N4P1/2〉 states are explicitly given as
|N2P1/2〉 =
1√
2 ∑ml ms 〈1
1
2
ml ms|12
1
2
〉
{
ψρ1ml
[ 1√
2
(
χλms φρ
+χρms φλ
)]
+ψλ1ml
[ 1√
2
(
χρms φρ − χλms φλ
)]}
,(9)
|N4P1/2〉 =
1√
2 ∑ml ms〈1
3
2
ml ms | 12
1
2
〉
[
ψρ1ml χ
s
ms
φρ +
ψλ1ml χ
s
ms
φλ
]
, (10)
where ψ , χ , and φ denote the spatial, spin, and flavor wave-
functions. The superscripts s or ρ (λ ) indicate that they are
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totally symmetric among three quarks, or odd (even) under the
exchange of the first two quarks [1–3].
The physical eigenstates for the L = 1 negative parity reso-
nances, are linear combinations of these two and are expressed
as
|S11(1535)〉= cosθ |N2P1/2〉− sinθ |N4P1/2〉 , (11)
|S11(1650)〉= sinθ |N2P1/2〉+ cosθ |N4P1/2〉 . (12)
Now, the magnetic moments of the S11(1535) and S11(1650)
resonances can be expressed in terms of the magnetic moments
of the |N2P1/2〉 and |N4P1/2〉 states and their cross terms as
µS11(1535) = µN2P1/2 cos
2 θ + µN4P1/2 sin
2 θ −
2〈N2P1/2 |µz|N4P1/2 〉cosθ sinθ , (13)
µS11(1650) = µN2P1/2 sin
2 θ + µN4P1/2 cos
2 θ +
2〈N2P1/2 |µz|N4P1/2 〉cosθ sinθ . (14)
The value of the mixing angle θ depends on the quark interac-
tion and predictions for it are available from different models.
For example, in Ref. [1–3] it was considered that the splitting
among the negative-parity baryons is dominantly explained in
terms of an interaction whose spin dependent part originates
from one gluon exchange between the quarks. Within this for-
malism, the authors predicted a mixing angle of θ = tan−1 (
√
5− 1)/2≃
−31.7◦ for the J = 1/2 case. This value is close to the em-
pirical mixing angle θ ≃ −32◦ found in Ref. [66]. In other
models [67–69], the mixing angle present in the wave func-
tion of the resonances is determined considering the sponta-
neous breaking of chiral symmetry and the Goldstone boson
exchange between quarks. In this case, a mixing angle of−27±
12 is found. Both models are known to well describe the spec-
trum of the 1/2− low-lying baryon resonances. In this work,
we have used the value of the mixing angle obtained in Ref. [1–
3]. For a compilation of the results obtained by using mixing
angles given by different models we refer the reader to, for ex-
ample, Refs. [70–72].
Since the magnetic moment has contribution coming from
both spin and orbital angular momentum as expressed in Eqs. (2)
and (3), we now present the matrix elements for quark spin and
orbital angular momentum contributions of the magnetic mo-
ments of the states |N2P1/2〉 and |N4P1/2〉 and the cross terms
obtained from mixing the |N2P1/2〉 and |N4P1/2〉 states.
It is easy to obtain the spin structure of the baryons as ex-
pressed in Eq. (6)
〈N2P+1/2|N |N2P+1/2〉 =
8
9 u
↑+
10
9 u
↓+
4
9d
↑+
5
9 d
↓
+
4
9u
(1)+
2
9d
(1) ,
〈N2P01/2|N |N2P01/2〉 =
4
9 u
↑+
5
9u
↓+
8
9 d
↑+
10
9 d
↓
+
2
9u
(1)+
4
9d
(1) ,
〈N4P+1/2|N |N4P+1/2〉 =
14
9 u
↑+
4
9 u
↓+
7
9d
↑+
2
9 d
↓+
1
18u
(1)+
1
6u
(−1)+
1
9d
(1)+
1
3 d
(−1) ,
〈N4P01/2|N |N4P01/2〉 =
7
9u
↑+
2
9 u
↓+
14
9 d
↑+
4
9d
↓+
1
9u
(1)+
1
3u
(−1)+
1
18d
(1)+
1
6d
(−1) ,
〈N2P+1/2|N |N4P+1/2〉 =
2
9u
↑− 29 u
↓− 29d
↑+
2
9 d
↓ ,
〈N2P01/2|N |N4P01/2〉 = −
2
9u
↑+
2
9u
↓+
2
9 d
↑− 29d
↓ . (15)
Here, the superscripts + and 0 denote the charge of the reso-
nance state. It is important to mention at this point that there
are no cross terms for µLz because |N2P1/2〉 and |N4P1/2〉 have
orthogonal quark spin states which are not affected by µLz . Us-
ing Eqs. (4) and (5) the magnetic moment of the |N2P+1/2〉,
|N4P+1/2〉, and the cross terms can be expressed as
µN2P+1/2 =−
2
9 µu−
1
9 µd +
4
9 µu +
2
9 µd , (16)
µN2P01/2 =−
1
9 µu−
2
9 µd +
2
9 µu +
4
9 µd , (17)
µN4P+1/2 =
10
9 µu +
5
9 µd −
1
9 µu−
2
9 µd , (18)
µN4P01/2 =
5
9 µu +
10
9 µd −
2
9 µu−
1
9 µd . (19)
〈N4P+1/2|µSz |N2P+1/2〉=
4
9 µu−
4
9 µd , (20)
〈N4P01/2|µSz |N2P01/2〉=−
4
9 µu +
4
9 µd . (21)
From Eqs. (13) and (14), the magnetic moment of the S11(1535)
and S11(1650) states in the NCQM are expressed as
µS+11(1535) =
(
−29 µu−
1
9 µd +
4
9 µu +
2
9 µd
)
cos2 θ +(
10
9 µu +
5
9 µd −
1
9 µu−
2
9 µd
)
sin2 θ −(
8
9 µu−
8
9 µd
)
cosθ sin θ , (22)
µS011(1535) =
(
−19 µu−
2
9 µd +
2
9 µu +
4
9 µd
)
cos2 θ +(
5
9 µu +
10
9 µd −
2
9 µu−
1
9 µd
)
sin2 θ −(
−89 µu +
8
9 µd
)
cosθ sinθ , (23)
µS+11(1650) =
(
−29 µu−
1
9 µd +
4
9 µu +
2
9 µd
)
sin2 θ +(
10
9 µu +
5
9 µd −
1
9 µu−
2
9 µd
)
cos2 θ +(
8
9 µu−
8
9 µd
)
cosθ sin θ , (24)
µS011(1650) =
(
−19 µu−
2
9 µd +
2
9 µu +
4
9 µd
)
sin2 θ +(
5
9 µu +
10
9 µd −
2
9 µu−
1
9 µd
)
cos2 θ +
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−89 µu +
8
9 µd
)
cosθ sinθ . (25)
Considering mu = md = 13 mN , we have µu = Qu/2mu =
2µN and µd = Qd/2md =−µN . Thus, substituting these values
in Eqs. (22)-(25), we obtain
µS+11(1535) =
1
3 cos
2 θ + 53 sin
2 θ − 83 cosθ sinθ , (26)
µS011(1535) = −
1
3 sin
2 θ + 83 cosθ sinθ , (27)
µS+11(1651) =
5
3 cos
2 θ + 13 sin
2 θ + 83 cosθ sinθ , (28)
µS011(1651) = −
1
3 cos
2 θ − 83 cosθ sinθ . (29)
Using the value of mixing angle θ = −31.7◦ in Eqs. (26)-
(29), one can obtain the magnetic moments of the N∗ reso-
nances S+11(1535), S011(1535), S
+
11(1650), and S011(1650). The
magnetic moment of the other negative parity low-lying baryon
resonances with spin 12 can similarly be calculated using their
respective wave functions. The results of these calculations are
presented and discussed in Section 4.
3 Magnetic moment of baryons in χCQM
The key to understanding the magnetic moment of the baryons
in the χCQM formalism [15, 16] is the fluctuation process
q↑↓→ GB+ q′↓↑ → (qq¯′)+ q′↓↑ , (30)
where GB represents the emitted Goldstone boson and qq¯′+q′
constitute the “quark sea” [17–25]. The model assumes that
the quark flavor, spin and orbital contents of the baryons are
determined by its valence quark structure and all possible chiral
fluctuations, and probabilities of these fluctuations depend on
the interaction Lagrangian,
L = g8q¯
(
Φ + ζ η
′
√
3
I
)
q = g8q¯
(
Φ ′
)
q , (31)
where the coupling between the quark and Goldstone bosons
is weak enough to treat the fluctuation (30) as a small pertur-
bation and the contributions from the higher order fluctuations
are assumed to be negligible. Clearly, the GB emission from the
quark gives rise to the probability of a spin-flip of the quark. It
is assumed that the spin-flip process gives the dominant con-
tribution to (30), which is similar to the chiral instanton model
[73, 74]. In Eq. (31), ζ = g1/g8, g1 and g8 denote the coupling
constants for the singlet and octet GBs, respectively, and I is the
3× 3 identity matrix. The matrix of the GBs can be expressed
as
Φ ′ =

pi0√
2 +β η√6 + ζ η
′
√
3 pi
+ αK+
pi− − pi0√2 +β η√6 + ζ η
′
√
3 αK
0
αK− α ¯K0 −β 2η√6 + ζ η
′
√
3

and q =
 ud
s
 (32)
The parameter a(= |g8|2) denotes the probability of chiral fluc-
tuation u(d)→ d(u) + pi+(−), whereas α2a, β 2a and ζ 2a re-
spectively denote the probabilities of fluctuations u(d)→ s+
K−(0), u(d,s)→ u(d,s)+η , and u(d,s)→ u(d,s)+η ′ .
The spin part µS of the magnetic moment of a given baryon
receives contributions from the valence quarks, sea quarks, and
orbital angular momentum of the “quark sea” [30–32] and is
expressed as
µSB = µSval + µSsea + µSorbit , (33)
where µSval and µSsea represent the contributions of the valence
quarks and the sea quarks to the magnetic moments due to the
spin polarizations. In addition, there is a significant contribu-
tion coming from the orbital angular momentum of the “quark
sea”, µS
orbit, since the GB emitted due to the chiral fluctua-
tion is in the P wave state, 〈lz〉 = 1. The details of the valence
quark calculations have already been presented in the previous
section. We now present the calculations of the sea and orbital
angular momentum contributions.
The sea quark spin polarizations corresponding to each baryon
can be obtained by substituting for each valence quark
q↑(↓) →−P[q, GB]q↑(↓)+ |ψ(q↑(↓))|2 , (34)
when calculating the spin contribution to the magnetic moment.
In Eq. (34), P[q, GB] is the probability of emission of GBs from
a quark q↑(↓) and |ψ(q↑(↓))|2 is the probability of transforming
a q↑(↓) quark [21–25] given by
|ψ(u↑(↓))|2 = a6
(
3+β 2 + 2ζ 2)u↓(↑)+ ad↓(↑)+ aα2s↓(↑) ,
|ψ(d↑(↓))|2 = au↓(↑)+ a6
(
3+β 2 + 2ζ 2)d↓(↑)+ aα2s↓(↑) ,
|ψ(s↑(↓))|2 = aα2u↓(↑)+ aα2d↓(↑)+ a3
(
2β 2 + ζ 2)s↓(↑) ,(35)
for the spin up quarks.
The orbital angular momentum contribution of each chiral
fluctuation is given as [15, 16, 30–32]
µ(q↑→ q′↓) =
eq′
2Mq
〈lq〉+
eq− eq′
2MGB
〈lGB〉 , (36)
where 〈lq〉= MGBMq+MGB and 〈lGB〉=
Mq
Mq+MGB
. The quantities (lq,
lGB) and (Mq, MGB) are the orbital angular momenta and masses
of the quarks and GBs, respectively. The orbital moment of
each process in Eq. (36) is then multiplied by the probability
for such a process to take place to yield the magnetic moment
due to all the transitions starting with a given valence quark.
For example,
[µ(u↑ →)] = a
[(
1
2
+
β 2
6 +
ζ 2
3
)
µ(u↑ → u↓)+ µ(u↑→ d↓)
+α2µ(u↑ → s↓)
]
, (37)
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[µ(d↑ →)] = a
[
µ(d↑ → u↓)+
(
1
2
+
β 2
6 +
ζ 2
3
)
µ(d↑→ d↓)
+α2µ(d↑ → s↓)
]
, (38)
[µ(s↑ →)] = a
[
α2µ(s↑ → u↓)+α2µ(s↑ → d↓)
+
(
2
3β
2 +
ζ 2
3
)
µ(s↑ → s↓)
]
. (39)
The orbital moments of the u, d, and s quarks in terms of the
χCQM parameters (a,α,β ,ζ ), quark masses (Mu,Md ,Ms) and
GB masses (Mpi ,Mk,Mη ,Mη ′ ), are respectively given as
[µ(u↑ →)] = a
[
3M2u
2Mpi(Mu +Mpi)
− α
2(M2K − 3M2u)
2MK(Mu +MK)
+
β 2Mη
6(Mu +Mη)
+
ζ 2Mη ′
3(Mu +Mη ′)
]
µu , (40)
[µ(d↑ →)] = −2a
[
3(M2pi − 2M2d)
4Mpi(Md +Mpi)
− α
2MK
2(Md +MK)
− β
2Mη
12(Md +Mη)
− ζ
2Mη ′
6(Md +Mη ′)
]
µd , (41)
[µ(s↑ →)] = −2a
[
α2(M2K − 3M2s )
2MK(Ms +MK)
− β
2Mη
3(Ms +Mη)
− ζ
2Mη ′
6(Ms +Mη ′)
]
µs . (42)
Using this formalism, we can calculate explicitly the va-
lence, sea, and orbital contributions to the spin angular momen-
tum of the magnetic moments of the baryons. As an example,
the µS contribution to the magnetic moment of the S+11(1535)
is given as
µSval(S+11(1535)) = −
(
2
9 µu +
1
9 µd
)
cos2 θ +
(
10
9 µu+
5
9 µd
)
sin2 θ − 89 (µu− µd)sinθ cosθ ,(43)
µSsea(S+11(1535)) =
a
9
[(
5+ 2α2+ 2β
2
3 +
4ζ 2
3
)
µu+(
4+α2 +
β 2
3 +
2ζ 2
3
)
µd + 3α2µs
]
cos2 θ −
5a
9
[(
5+ 2α2+ 2β
2
3 +
4ζ 2
3
)
µu +(
4+α2 +
β 2
3 +
2ζ 2
3
)
µd + 3α2µs
]
sin2 θ
+
8a
9
(
1+α2 + β
2
3 +
2ζ 2
3
)
(µu− µd)sinθ cosθ , (44)
µSorbit(S+11(1535)) = −
(
2
9 µ(u↑→)+
1
9 µ(d↑ →)
)
cos2 θ +(
10
9 µ(u↑ →)+
5
9 µ(d↑ →)
)
sin2 θ −
8
9
(
µ(u↑ →)− µ(d↑→)
)
sinθ cosθ .(45)
The orbital angular momentum contribution µL to the mag-
netic moment of a given baryon receives contributions from the
valence and sea quarks as
µLB = µLval + µLsea , (46)
where µLval and µLsea represent the contributions of the valence
and sea quarks to the magnetic moments due to the orbital
angular momentum polarizations. The details of the valence
quark calculations have already been presented in the previous
section, whereas the sea quark spin polarizations correspond-
ing to each baryon can be calculated by substituting for each
valence quark with the third component of the orbital angular
momentum ±1
q(±1) →−T[q, GB]q(±1)+ |ψ(q(±1))|2 , (47)
where T[q, GB] is the probability of emission of GBs from a
quark q(±1) and |ψ(q(±1))|2 is the probability of transforming
a q(±1) quark, given as
|ψ(u(±1))|2 = ad(±1)+ aα2s(±1) ,
|ψ(d(±1))|2 = au(±1)+ aα2s(±1) ,
|ψ(s(±1))|2 = aα2u(±1)+ aα2d(±1) . (48)
One can calculate the valence and sea contributions of the or-
bital angular momentum to the magnetic moment of the baryons.
As an example, the µL contribution to the magnetic moment of
S+11(1535) is given as
µLval(S+11(1535)) =
(
4
9 µu +
2
9 µd
)
cos2 θ −(
1
9 µu +
2
9 µd
)
sin2 θ ,
(49)
µLsea(S+11(1535)) =
2a
9
[−(1+ 2α2)µu + (1−α2)µd+
3α2µs
]
cos2 θ + a9
[−(1−α2)µu+(
1+ 2α2
)
µd − 3α2µs
]
sin2 θ . (50)
The magnetic moments of the other N∗ resonances S011(1535),
S+11(1650), and S011(1650) can also be calculated in χCQM
using similar methodology. The calculations have also been
extended for the magnetic moments of the first excited states
(with JP = 12
−) of the other baryons of the 12
+
octet. All these
results are discussed in detail in the next section.
6 Neetika Sharma et al.: Magnetic moments of the low-lying 12
−
octet baryon resonances
4 Results and Discussion
In this section, we first discuss the various input parameters
needed for the numeric calculation of the magnetic moment for
the low-lying 12
− baryons. The calculation of the magnetic mo-
ments in the χCQM with SU(3) broken symmetry requires the
symmetry breaking parameters a, aα2, aβ 2, and aζ 2, repre-
senting, respectively, the probabilities of fluctuations of a con-
stituent quark into pions, kaons, η , and η ′ . The best fit to the
set of parameters obtained by carrying out a fine grained anal-
ysis of the spin and flavor distribution functions of the proton
[21–25, 30–33] gives
a = 0.12 , α = β = 0.45 , ζ =−0.15 .
In addition to the parameters of the χCQM, the contributions to
the orbital angular momentum due to the quark sea are charac-
terized by the quark and GB masses. For the constituent quark
masses u, d, s, we have used their widely accepted values in
the hadron spectroscopy Mu = Md = 0.33 GeV, and Ms = 0.51
GeV.
Using the present formalism, we have calculated the mag-
netic moments of the negative parity N∗ resonances S+11(1535),
S011(1535), S
+
11(1650), and S011(1650) states and the results are
presented in Table 1. For the sake of comparison, we have also
presented the results of χCQM of Ref. [35].
In Table 2, we give the magnetic moments found in the
present work for the low-lying 12
−
octet baryon resonances.
The explicit results for the valence, sea, and orbital contribu-
tions of the spin part and the valence and sea contributions of
the orbital angular momentum part of the magnetic moments
are shown in these tables. For the sake of completeness, we
have also given the values found in the NCQM, obtained by
summing the contributions from the spin and orbital angular
momentum of the valence quarks.
A cursory look at Table 1 reveals that the magnitude of
the magnetic moment is higher in the χCQM when compared
to the NCQM predictions. In general, the valence structure of
the quarks dominates. However, the presence of the sea quarks
augments the absolute value of the magnetic moment, espe-
cially in case of S+11(1650).
The magnetic moments of Σ∗(1620) and Ξ ∗(1690) are shown
in Table 2, where the numbers for N∗(1535) are also displayed
with the idea of showing the magnetic moments of all the 12
−
octet resonances together. Table 2 shows that, just like in case
of the N∗’s, the valence structure of the quarks dominates but
the absolute value of the magnetic moment in χCQM increases
for the 12
−
octet resonances except for Σ∗+, Σ∗0, and Ξ ∗−,
where it decreases.
For the low-lying spin 12
− baryons, so far there is no exper-
imental information available for the magnetic moments but
we can compare our findings with those obtained within other
models. Let us discuss the N∗ resonances first, out of which,
for the S11 (1535) an experiment is already being planned to
measure its magnetic moment. Several theoretical calculations
of the magnetic moment of N∗(1535) have also been done ear-
lier: within CQM [34], χCQM [35] and in the models based
on hadronic degrees of freedom [8], in which it has been found
to arise due to pseudoscalar-baryon coupled channel dynamics.
The difference between the present work and that of Ref. [35]
is the inclusion of the contribution to the magnetic moment
arising from the orbital angular momentum of the sea quarks
gained by the GB emission. This contribution is calculated through
the generalized Cheng-Li mechanism. Our CQM results for the
N∗’s coincide with those obtained in Ref. [34], but our χCQM
results are different with respect to Ref. [35] due to the absence
of µSorbit contribution in the work of Ref. [35]. It can be seen
from Table 1 that µSorbit gives a significant contribution to the
total magnetic moment of baryons.
We now compare our results for N∗(1535) with those ob-
tained in the study based on chiral effective field theory [8]. In
the present model the resonances have a three (valence) quark
structure with one of the quarks excited to the P-wave and the
consideration of the chiral symmetry takes into account the
probability of the production of Goldstone bosons. Although
the hadronic models are also based on similar grounds, i.e.,
the chiral symmetry and its spontaneous breaking, the struc-
ture of the baryon resonances in the two cases is different. In
Ref. [8], the magnetic moments of the n∗(1535) and p∗(1535)
were found to be −0.25µN and +1.1µN , respectively. As can
be seen, these results, although qualitatively similar, are quan-
titatively different from those listed in Table 1 of the present
work. Although, it should be mentioned that the simple one
channel meson-baryon molecular picture of Ref. [34] yields
−0.56µN and +1.86µN for the magnetic moments of n∗(1535)
and p∗(1535), respectively, out of which at least µp∗ is in bet-
ter agreement with the quark model calculations. Ideally, the
wave function of the baryon resonances should be treated as an
admixture of different configurations, but it is possible that one
of those configuration dominates. If any experimental informa-
tion is made available on the magnetic moments of baryon res-
onances, then a comparison of the results found in quark mod-
els and hadronic models can shed light on the structure of the
low-lying resonances. The experimental investigations on the
magnetic moments of the S11(1535) resonance are, thus, most
welcome.
Going over to the discussions of the other octet resonances,
Σ∗(1620) is a controversial state, the results for this resonance
obtained from the partial wave analysis and the production ex-
periments have been kept separately in Ref. [53], mentioning
that it is not clear if more than one resonance contribute to its
signal [53]. Models based on effective field theories find two
different Σ∗ (1620) with different spin parities. In Ref. [75], a
resonance is found around 1620 MeV with spin-parity 12
− in
the KΞ and coupled channel system. On the other hand, a 12
+
spin-parity Σ resonance with mass 1620 MeV is found to get
dynamically generated in the pipiΣ system when the piΣ subsys-
tem forms Λ (1405) [49]. Once again, measurement of the mag-
netic moment of this resonance can be useful in understanding
it’s nature. The known width of this resonance is ∼ 100 MeV,
which is similar to the cases of ∆ (1232) and N∗(1535). In case
of Σ (1620), however, kaon beams would be required. Such a
facility is available in JPARC, SPring-8, etc..
In case of 12
− Ξ ∗ resonance, not much information is avail-
able. However, the CLAS Collaboration at the JLAB has re-
cently initiated a cascade-physics program [76], and strangeness
-2, -1 studies are getting a special attention at KEK [77]. We
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Table 1. Magnetic moments of the low-lying N∗ resonances with J = 12 (in units of nuclear magneton)
Baryons Mass NCQM χCQM χCQM
(MeV) µS µL µB(= µSB +µLB) [35]
µSval µSsea µSorbit µSB µLval µLsea µLB
S+11 1535 1.894 1.411 −0.249 0.530 1.692 0.483 −0.090 0.393 2.085 1.4
S011 1535 −1.284 −1.192 0.167 −0.519 −1.545 −0.092 0.067 −0.025 −1.570 −0.9
S+11 1650 0.106 −0.078 −0.108 −0.229 −0.414 0.184 −0.057 0.128 −0.286 0.1
S011 1650 0.951 1.192 −0.312 0.283 1.165 −0.242 0.060 − 0.181 0.984 0.6
Table 2. Magnetic moments of the first excited states (with JP = 12
−) of the octet baryons (in units of nuclear magneton)
Baryons Mass NCQM χCQM
(MeV) µS(B) µL(B) µB(= µSB +µLB)
µSval µSsea µSorbit µSB µLval µLsea µLB
p∗ 1535 1.894 1.411 −0.249 0.530 1.692 0.483 −0.090 0.393 2.085
n∗ 1535 −1.284 −1.192 0.167 −0.519 −1.544 −0.092 0.067 −0.025 −1.569
Σ ∗+ 1620 1.814 1.297 −0.242 0.349 1.404 0.518 −0.122 0.396 1.800
Σ ∗− 1620 −0.689 −0.333 0.018 −0.453 −0.768 −0.355 0.117 −0.239 −1.007
Σ ∗0 1620 0.820 0.739 −0.112 0.086 0.713 0.081 −0.003 0.078 0.791
Ξ ∗− 1690 −0.315 −0.027 0.017 0.078 0.068 −0.288 0.055 −0.233 −0.165
Ξ ∗0 1690 −0.990 −1.00 −0.209 −0.217 −1.426 0.011 −0.027 −0.016 −1.442
hope that the magnetic moments of the low-lying Ξ ∗’s will also
get measured and our work will be useful in future.
We have compared our results also with those available
from the Lattice QCD calculations of Ref. [41], where mag-
netic moments of the baryon resonances have been obtained
from the mass shifts. The results of Ref. [41] are very differ-
ent, even by sign in most cases. For example the magnetic mo-
ment for the p∗ is found to be −1.8 µN in contrast with +1.8
µN found in the NCQM. However, it has been mentioned in
Ref. [41] that the signal for 12
−
excited baryons in their calcu-
lations needs to be improved, together with other corrections
to be checked. Results of an improved calculations are most
awaited and should help in understanding the properties of the
baryon resonances in future.
5 Summary and conclusions
To summarize, using the chiral constituent quark model (χCQM),
we have carried out a detailed analysis of the magnetic mo-
ments of the negative parity N∗ resonances S+11(1535), S011(1535),
S+11(1650), and S011(1650) and the other low-lying baryon res-
onances with JP = 12
−
. Using the generally accepted values of
the quark masses and the parameters of the χCQM, the explicit
contributions coming from the spin and the orbital angular mo-
mentum have been calculated. We find that our results do not
coincide well with those obtained in hadronic models based on
chiral effective field theories. This can be understood since, al-
though the picture of the presence of the meson cloud in the two
approaches is similar, the structure of the baryon resonances
are different. The preliminary results available on the magnetic
moments from lattice QCD [41] are also not compatible with
our findings (neither with the results available from other mod-
els [8, 34, 35]) but these preliminary lattice results are based
on relatively poor statistics, as mentioned in Ref. [41]. Results
from such studies with improved statistics will be very impor-
tant to make more robust comparisons in future.
Any future experimental measurement would have impor-
tant implications in understanding the complex structure of these
resonances.
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